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Summary  In  any  construction  project,  cost  effectiveness  plays  a  crucial  role.  The  Life  Cycle
Cost (LCC)  analysis  provides  a  method  of  determining  entire  cost  of  a  structure  over  its  expected
life along  with  operational  and  maintenance  cost.  LCC  can  be  improved  by  adopting  alternative
modern techniques  without  much  alteration  in  the  building.  LCC  effectiveness  can  be  calcu-
lated at  various  stages  of  entire  span  of  the  building.  Moreover  this  provides  decision  makers
with the  ﬁnancial  information  necessary  for  maintaining,  improving,  and  constructing  facili-
ties. Financial  beneﬁts  associated  with  energy  use  can  also  be  calculated  using  LCC  analysis.
In the  present  work,  case  study  of  two  educational  buildings  has  been  considered.  The  LCC  of
these buildings  has  been  calculated  with  existing  condition  and  with  proposed  energy  efﬁcient
approach (EEA)  using  net  present  value  method.  A  solar  panel  having  minimum  capacity  as  well
as solar  panel  with  desired  capacity  as  per  the  requirements  of  the  building  has  been  suggested.
The comparison  of  LCC  of  existing  structure  with  proposed  solar  panel  system  shows  that  4%  of
cost can  be  reduced  in  case  of  minimum  capacity  solar  panel  and  54%  cost  can  be  reduced  for
desired capacity  solar  panel  system,  along  with  other  added  advantages  of  solar  energy.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
tntroductionn  this  modern  era,  construction  industry  is  focusing  only  on
esthetic  design  of  buildings  and  its  functional  goal  to  fulﬁl
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icenses/by-nc-nd/4.0/).he  clients’  expectation.  Also  the  clients  are  looking  only  at
ts  initial  construction  cost.  Instead  of  merely  looking  at  its
tructural  cost  alone,  owners  have  to  broaden  their  perspec-
ive  to  include  entire  cost  of  a  structure  over  its  expected
ife  along  with  operational  and  maintenance  cost.  Life  cycle
ost  analysis  (LCCA)  is  an  economic  evaluation  technique
hat  determines  the  total  cost  of  owning  and  operating  a
acility  over  period  of  time.  It  can  be  performed  on  large
nd  small  buildings  or  on  isolated  building  systems.  LCC  can
e  calculated  in  three  stages  conceptual  stage,  acquisition
icle under the CC BY-NC-ND license (http://creativecommons.org/
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2  in  Fig.  2.
Beneﬁt—cost  ratio  for  both  the  buildings  has  been  calcu-
lated  as  shown  in  Fig.  3.  The  value  of  beneﬁt—cost  ratio  for
Table  1  LCC:  case  study  1.
Year  LCC  without
energy  efﬁcient
approach  (lakhs)
LCC  with  energy
efﬁcient  approach
(lakhs)
2014  60.27  71.68
2019  335.26  326.79
2024  541.97  528.38
2029  705.06  687.20LCC  analysis  of  commercial  buildings  with  EEA  
stage,  in  service  stage.  LCC  considers  all  cost  required
for  construction,  operational,  maintenance  and  end-of-life
costs.  It  includes  all  associated  costs  such  as  delivery,  instal-
lation,  commissioning,  insurance,  energy  and  water  use,
replacement,  maintenance,  repair  and  end-of-life  costs.
Life  cycle  costing  (LCC)  was  originally  designed  for  invest-
ment  purposes  in  the  U.S.  Department  of  Defense  (Joost,
2013).  The  importance  of  LCC  for  the  U.S.  Department  of
Defense  was  shown  by  the  fact  that  the  operational  costs
regarding  to  weapon  systems,  where  75%  of  the  total  life
cycle  costs  (Joost,  2013).  Later  the  LCC  method  was  also
applied  in  the  automobile  sector  and  in  the  engineering  sec-
tor.  LCC  is  based  on  an  integrated  approach  with  respect  to
the  investment  and  operational  costs.  Schade  (2014)  offers
a  structural  overview  of  theoretical  economic  methods  for
LCC  analysis  and  their  restrictions.  The  research  work  also
reveals  the  primary  data  which  are  required  to  carry  out
a  LCC  analysis  and  discusses  limitations  in  the  application
of  life  cycle  costing  from  the  client’s  perspective.  Clift
(2003)  introduces  the  concept  of  life-cycle  costing  as  used
in  the  construction  sector.  It  brieﬂy  explains  how  LCC  is  car-
ried  out  and  some  of  the  barriers  to  its  adoption.  Marszal
and  Heiselberg  (2009)  have  discussed  about,  how  renew-
able  energy  is  used  in  the  net  zero  energy  building.  It  also
provides  information  regarding  net  saving  and  sensitivity
analysis.  Mearig  (1999)  this  handbook  was  created  to  assist
school  districts  and  consultants  in  the  life  cycle  cost  analy-
sis  of  proposed  educational  facility  construction  projects.
Mahajan  et  al.  (2014)  life  cycle  cost  analysis  of  a  multi-
storied  residential  building  provides  guidance  regarding  life
cycle  cost  analysis  by  using  energy  efﬁcient  approach.  Solar
power  panel  has  been  used  for  the  calculation  of  life  cycle
cost  with  energy  efﬁcient  approach.  The  savings  of  30%  in
operation  and  maintenance  cost  over  the  span  of  30  years
can  be  achieved  by  additional  capital  investment  which
is  only  3%  of  the  building  cost.  Jayakumar  (2009)  provide
guidelines  regarding  the  use  of  non-renewable  energy.  It
provides  case  studies  of  solar  water  pumping  system,  solar
water  heater  system,  lighting  system  at  home  and  school.
Kale  and  Joshi  (2015)  have  presented  detailed  review  of  LCC
and  have  discussed  importance  of  LCCA  for  buildings.
Life cycle cost analysis
Since  Pune  being  an  educational  hub  of  India,  two  build-
ings  of  educational  complex  have  been  considered  for  the
present  study.  LCCA  of  these  buildings  has  been  carried  out
for  the  life  span  of  30  and  25  years  respectively.  The  data
relevant  to  initial  costs,  maintenance  costs,  replacement
costs  and  energy  used  was  collected  for  the  selected  build-
ings,  which  is  required  for  the  LCC  computation.  Proportion
of  various  cost  elements  in  the  maintenance  costs  of  these
buildings  and  the  cost  of  various  non-annually  occurring
maintenance,  has  been  studied  for  identiﬁcation  of  major
cost  elements.  Other  important  parameters  considered  as,
every  year  ﬁnancial  variations  in  electricity  cost,  interest
cost  and  goods  cost  such  as  average  inﬂation  rate  as  per  con-
sumer  price  index,  Energy  index,  and  average  interest  rate
as  per  Reserve  Bank  of  India.  ‘Net  Present  Value’  method
has  been  used  for  calculation  of  LCC.  The  values  of  various
parameters  involved  were  considered  as,  average  inﬂation453
ate  as  per  consumer  price  index:  7.8%,  average  inﬂation
ate  as  per  energy  index:  3%  and  average  interest  rate  as  per
eserve  Bank  of  India:  8%.  The  sensitivity  analysis  has  been
arried  out  for  case  study  has  been  done  in  order  to  check
he  variation  in  LCC  due  to  variation  in  various  parameters.
nergy efﬁcient approach
n  order  to  reduce  LCC  of  building,  energy  consumption  cost
as  been  considered  as  key  component  as  this  being  major
nnual  expenditure  in  commercial  buildings.  Cost  of  energy
onsumption  can  be  reduced  by  using  renewable  sources
s  well  as  by  using  modern  techniques.  India  receives  solar
nergy  equivalent  to  more  than  5000  trillion  kWh  per  year
s  it  is  located  in  the  sunny  belt  of  the  world.  (Source:
ndia  Solar  Energy  Outlook  2010.)  Solar  energy  technique  has
een  adopted  for  both  the  case  studies,  considering  inter-
ationally  and  nationally  accepted  and  proven  Photovoltaic
PV)  Crystalline  Technology.  In  the  ﬁrst  case  study,  minimum
apacity  SPP  was  considered  to  evaluate  the  effect  on  LCC.
s  it  was  observed  from  ﬁrst  case  study  that  considerable
avings  can  be  achieved  even  with  minimum  capacity  SPP,
or  the  second  case  study,  SPP  was  designed  as  per  the  build-
ng  requirements  to  enhance  the  savings  in  LCC.  In  ﬁrst  case
tudy,  10  kW  capacity  monocrystalline  solar  panel  system  is
onsidered  for  installation  and  for  the  second  case,  Polycrys-
alline  PV  technology  solar  module  of  255  Wp  is  considered.
nitial  investment  for  proposed  solar  system  in  case  study
wo,  has  been  arrived  at  by  considering  cost  of  the  solar
ystem  and  cost  of  supporting  structure.
esults
ables  1  and  2  show  the  LCC  of  case  studies  1  and  2
espectively.  The  LCC  of  buildings,  with  and  without  energy
fﬁcient  approach  has  been  calculated  for  every  year  and
rovided  for  every  ﬁve  years,  in  these  tables.
As  it  can  be  seen  from  the  graphs,  with  minimum  capacity
olar  panel  system  LCC  is  reducing  over  the  years  in  case
tudy  1  (Fig.  1).  However  signiﬁcant  reduction  in  LCC  can  be
chieved  if  alternative  energy  technique  is  designed  as  per
he  requirements,  which  can  be  seen  in  graph  for  case  study2034  833.73  812.72
2039  935.25  911.63
2044  60.27  71.68
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Table  2  LCC:  case  study  2.
Year  LCC  without
energy  efﬁcient
approach  (Rs.)
LCC  with  energy
efﬁcient  approach
(Rs.)
2015  85
2020  130.50  123.69
2025  244.18  170.87
2030  343.21 218.38
2035  429.47 267.57
2040  504.62 313.87
Figure  1  LCC  for  case  study  1.
Figure  2  LCC  for  case  study  2.
Figure  3  Beneﬁt-cost  ratio.
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ase  study  1  is  2.94  and  for  case  study  2,  it  is  3.24.  In  both
he  cases  the  value  of  beneﬁt—cost  ratio  is  more  than  1.
onclusions
CC  and  LCCA  for  buildings  have  been  studied  in  detail.  In
his  study  EEA  for  reduction  in  LCC  has  been  focused.  Two
ase  studies  of  commercial  building  have  been  carried  out
y  considering  existing  condition  of  building  and  proposed
EA.  For  the  ﬁrst  case  study,  minimum  capacity  solar  power
anel  has  been  proposed  and  LCCA  has  been  carried  out.
hereas  for  second  case  study,  SPP  has  been  designed  and
CCA  has  been  carried  out.
The  sensitivity  analysis  has  been  carried  out  for  case
tudy  has  been  done  in  order  to  check  the  variation  in  LCC
ue  to  variation  in  various  parameters.  Comparative  study  of
CC  considering  building  without  energy  efﬁcient  approach
existing  building)  and  with  energy  efﬁcient  approach  has
een  carried  out.
Following  conclusions  are  determined  from  the  project
tudy
.  Life  cycle  cost  analysis  is  an  effective  tool.
.  Energy  efﬁcient  approach  with  solar  panel  system
requires  initial  investment  in  the  range  of  1.3—16%.
.  With  minimum  initial  investment  on  solar  power  panel,
4.3%  of  total  cost  can  be  saved  over  span  of  30  years.
.  With  proposed  solar  power  panel  54.64%  of  total  cost  can
be  saved  over  span  of  25  years.
.  Energy  efﬁcient  approach  using  solar  power  panels  can
reduce  LCC  of  existing  building  effectively.
onﬂict of interest
one.
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